In this paper, clinoptilolite, as an adsorbing material, which adsorption capability of ammonia was studied. Clinoptilolite is a porous crystal material, which adsorption properties of clinotiolite are strongly related to the framework structure, which has performance for the physical adsorption and ion exchange. China is in rich of nature clinoptilolite, which is cheap and suitable for extensive application in pig house. The experiment indicated that clinoptilolite had a characteristic of "rapid adsorption, slow equilibrium", it took 3 hours to reach adsorption equilibrium, clinoptilolite's particle size, moisture content and dosage had important effects on saturation adsorption time and ammonia adsorption capacity. With decreasing the particle size, clinoptilolite adsorption capacity increased, and the higher ammonia concentration, the better adsorption effect in the "rapid adsorption" phase. Different clinoptilolite's moistures also played an important role for adsorption effect, in the "rapid adsorption" phase, the effect was the best when moisture content of clinoptilolite was 40%; in the phase of "slow equilibrium", wet clinoptilolite adsorption would be better than the natural, the rank was: 40%>50%>30%>20%>60%>the natural. By regression analyze, when moisture content was 42%, adsorption capability could be the best. Besides, clinoptilolite adsorption capacity was studied, per unit saturation adsorption capacity of 10g nature clinoptilolite was 0.09 mg/g, 20g nature clinoptilolite's was 0.13 mg/g. Therefore, it could be seen that increasing the amount of clinoptilolite would improve the total and units clinoptilolite adsorption capacity. Considering the significant sorption for ammonia, the method of clinoptilolite adsorption could be simple and economic, it should be foreseeable that clinoptilolite adsorption would have a good prospect for air purification in pig farm.
Introduction
China is the most important country for pig breeding in the world whose amount of pigs coming out is about 47% of the world [1] . More and more attention has been attracted to odors pollution of large-scale pig farms increasing. It is reported that pollution discharge is about 30 thousand tons, nitrogen discharge is 108 tons, phosphorus is 30 tons yearly, ammonia emission amount is 35 kilograms, sulfured hydrogen is 32 kilograms, power is 58 kilograms, and a lot of heavy metal, pathogenic microorganism and harmful substances, which soil, water and air away from within 5 kilometers are polluted with for a large-scale piggery with ten thousand pigs [2] . It appears pig unnamed high fever and other diseases, which have blocked the development of the hog industry. Environmental problems of the pig house, especially the control of harmful gases, which have become the public subject concerned. Sources, distribution and control measures of harmful gases in pig houses have been quite concerned in the world, and ammonia is one of the most harmful gases [3] . Ammonia is a colorless gas with an irritating odor, the product of various nitrogen-containing organic matter decomposition [4] , in pig houses mainly including pig feces, urine, grasses, feedstock and so on. Water-solubility for ammonia is good, which is often dissolved in the wet ground, walls as well as mucosa and conjunctiva of pigs and human. Chinese labor hygiene standards require that the maximum limit of ammonia is 30 mg/m 3 in the air, and livestock and poultry fields environmental quality standards require the highest ammonia concentration is 25 mg/m 3 [5] , in piglets houses ammonia concentration is higher in the morning and evening, lower in the daytime and stable relatively. By testing Beijing Daxing District breeding swine farm, ammonia concentration is generally 15 mg/m 3 in piglet houses, ammonia concentration is up to 90 mg/m 3 before forced ventilation in the morning. High ammonia concentration makes the piglets weak, appetite decreasing and daily gain and productivity reduced. Fattening houses are basically closed for insulation in winter, and it was tested that ammonia concentration was significantly high in January, the highest was 14.69 mg/m 3 ; the highest ammonia concentration was 16 mg/m 3 in pregnancy houses in September, and 7.98mg/m 3 [5] [6] in July, despite not exceeding the standard, when ammonia concentration is over 10 mg/m 3 in winter, it would do harm to fattening pigs to a certain extent, affecting the performance.
Therefore, abatement on ammonia in the pig house is more and more important. Conventional method of reducing the concentration is forced ventilation, which can meet ventilation requirements of fattening homes, but it will bring indoor temperature fluctuation in piglets and childbirth pig houses because forced ventilation, particularly in winter, would also cause great energy loss, make against of energy saving and waste reduction. At the same time, ventilation will let ammonia into outside directly, polluting the surrounding environment. So more convenient and cost-effective methods should be investigated and discussed on ammonia removal in pig houses, not only solving problems of environmental pollution in the pig house, but also meeting environmental requires for pig production to achieve energy saving and waste reduction. In the passage absorbing ammonia using simulated experiment apparatus, ammonia reducing device in the bottom of the glass, clinoptilolite in the upper part of the glass which was near to the outlet. When ammonia coming to being, the concentration was increasing and moving to the vent outlet, so ammonia concentration on the top was homogeneous. It is more benefit for absorbing ammonia because of clinoptilolite on the top of bottle and near the vents department. In the reality pig house, ammonia flow toward mechanical vents department, so in fact clinoptilolite should be placed near the vent department, which can absorb ammonia better, but only decreasing the ammonia concentration in the pig house, but also reducing the diffusion capacity of ammonia to the environment around, but only providing a good rearing environment for pigs.
The study on reducing ammonia concentration in the pig house is brought more and more attention. Hayes controlled the crude protein content of feed would decrease ammonia volatilization rate of 30%, the effect is obvious [7] , but it can not be solved ammonia problem completely. By experimental study, Yongkun Liang discovered the biological filtration treating ammonia has a significant effect, removal rate of ammonia for low concentration could reach more than 95% [8] , while in this paper sorption for high ammonia concentration were also studied. In this paper, in order to reduce and control ammonia emission to outside effectively, a kind of material with effective sorption was sought; these effects on removal ammonia were researched for help advice of wide application. Clinoptilolite is a kind of aluminosilicate crystal with uniform size and regular structure, and is a family of aluminosilicate mineral with frame structure of water content [9] . The zeolite has been found for more than 30 kinds in the nature, such as analcite, natrolite, clinoptilolite and so on, which has polarity and great sorption for the stench of smaller diameter material and unsaturated compound (ammonia and hydrogen sulfide, etc.), whose sorption and ion-exchange capability are higher than silica gel and activated carbon, particularly the high affinity for NH 3 , H 2 S, CO 2 and any other macromolecule. Clinoptilolite powder is used to cover dung for reducing bad odor of barns in the 1950s in Japan. Yuqiu Wang and other people assessed the potential of natural Chinese clinoptilolite for ammonia removal from the leachate solution of sewage sludge. In batch study the effects of relevant parameters, such as contact time, initial ammonia concentration and particle size of clinoptilolite, were examined respectively [10] . A study on ion exchange kinetics and equilibrium isotherms of ammonium ion on natural Turkish clinoptilolite (zeolite) was conducted using a batch experiment technique. The effects of relevant parameters, such as temperature, contact time and initial ammonium (NH 4 + ) concentration were examined, respectively [11] . 
Materials and methods
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Experimental methods
Experimental apparatus
Factors and parameters of clinoptilolite adsorption for ammonia were studied, and the experimental apparatus was shown as follow: 
Experimental procedure
Different concentrations of ammonia were added into sealed glass bottle of 8L, to adjust the ammonia concentration in the bottle, clinoptilolite particles were placed on the steel net shelf so that the clinoptilolite and ammonia could contact completely. Experimental system was controlled by a certain direction flow under airproof, experimental temperature was set 20 . Using ammonia detector monitoring the change of ammonia concentration in the device continuously, research and analysis on effective factors of clinoptilolite sorption and saturation adsorption were investigated, units was mg/L. Experiments were repeated three times. The transformation relationship between gas volume concentration and the mass concentration is:
In the formula, X 1 --Mass concentration (mg/m 3 )
M --Gas molecular weight measured (ammonia is 17)
Results and discussion
Adsorption capability of clinoptilolite
The structure of clinoptilolite
In 1756 Cronstedt who was a Sweden mineralogist, first discovered a white transparent fossil in the almondshaped basalt pore, which was named zeolite for its foaming and boiling when heated. Zeolite is aluminosilicate mineral with water structure and a family of aluminosilicate mineral, the common minerals is natrolite, scolecite, analcime, clinoptilolite, mordenite and so on. The general chemical formulate is:
(Na, K) x (Mg, Ca, Sr, Ba) y [Al x+y Si n·(x+ y) O 2n ]mH 2 O In the above formulate, n stands for electrovalence, x+y stands for the number of Al-O and Si-O tetrahedron, the value of x/y is between 1~5.
The framework of zeolite is the complicated three dimensional structures which are constituted by oxygen, silicon and aluminium. Basic structure cell is made of one silica atom (or aluminium) as the core, four oxygen atoms as vertices [13] . Different characteristics of different zeolites are reply on their different frameworks. 
Adsorption capability of clinoptilolite
Clinoptilolite is a kind of porous crystal mineral. There are a lot of voids and holes in the clinoptilolite framework, which can adsorb and closure molecule with the very shape and size; it can be seen from the framework that electric charge numbers of Al-O tetrahedron are unbalanced, which needs to be compensated by alkali metals and alkaline-earth metals, when the number of electrical charge of trivalence aluminous is lower than the minus charge of around oxygenic. Therefore, clinoptilolite has a special characteristic of ion exchange, plentiful cations take up voids and holes in the framework, and the combination of cations and aluminium silicate is quite feeble, with strong liquidity, which can exchange with cations in the liquid easily, after exchanging the clinoptilolite structure would not be destroyed, that is the reason of its character of exchanging with cations [14] . Surface of various zeolites is between 400 and 800 m 2 /g, such of which have good adsorption [15] . Besides, the diameter is between 0.6~1nm, pore canal diameter is between 0.3~1nm, the diameter of NH 4 + is 0.286nm (NH 3 is smaller), so the adsorption effect of zeolite to ammonia is very good in the presence of dispersion force [16] . Because ammonia diameter is equivalent to pore and hole of clinoptilolite, molecule in the pore and hole of clinoptilolite which cause hole wall field superposition in the presence of dispersion force, forming super pore effect, increasing the adsorption effect. Besides, cations are in the holes of clinoptilite crystal lattice, meanwhile parts of trellis are with minus charge, so there is strong electric field around these ions. Clinoptilite has good adsorption effect because of combined action of dispersion force and electrostatic force [16] . In the paper, clinoptilite was studied, analyzing the adsorption to ammonia with different particle sizes but equivalent clinoptilite, adsorption of wet clinoptilite with different moisture contents, saturation adsorption and quantification unit of clinoptilite saturation adsorption.
The effect on different clinoptilolite particles for sorption capacity of ammonia
Clinoptilolite sorption capacity when ammonia concentration was 61.5~63.0 mg/m 3
The relationship of clinoptilolite adsorption course was drawn below, using the average values when ammonia concentration was between 61.5 and 63.0 mg/m 3 , in Fig. 3 . It can be seen that in the first 0~0.5h, the ammonia removal efficiency is very significant, ammonia concentration in experimental bottle decreases linearly and the slope is more steep; in 0.5 to 1.5h, the curves decline become smooth gradually; a rapid adsorption process appears again from 1.5 to 2.5h, and sorption gradually reaches equilibrium till 3 hours, which reflects the clinoptilolite with a characteristic of "rapid adsorption, slow equilibrium". In the adsorption process, 0.5h and 1.5h were two important turning points as the "rapid adsorption" and "slow equilibrium", meanwhile gas species concentrated in the solid interface, and solid surface energy was decreased because of adsorption effect. Physical absorption was caused by dispersion force, electrostatic force and capillary force of clinoptilite surface, the same adsorption course with common porous materials [17] . Langmuir thought there are places which could adsorb molecule or atomic just like seats in the showplace. Adsorption seats could be distributed around the surface equably, but much more were non-uniform. When adsorption equilibrium was reached, molecule numbers which would be absorbed in the adsorption seats in unit time were equal to the leaving ones, that is to say, adsorption rate was the same with desorption ratio [18] . From the figure, it is known that adsorption rate was fastest and effect was best of clinoptilite with particle less than 0.16mm, which can show that the adsorption capacity was increasing to ammonia, with clinoptilite sizes decreasing, and adsorption capacity was more when adsorption equilibrium, which verified that clinoptilite was porous materials, less sizes, more surface area, more adsorption capacity, viewpoint of Langmuir were proved again.
According to the experimental data, the It could be seen from the table above that the best adsorption to ammonia was when the clinoptilite size was 0.16mm, the ratio of rapid adsorption phase was 27.8%, slow equilibrium phase was 54.9%, and the total was 82.7%, which were higher than the ratio of sizes of 0.16~0.35mm and 0.35~0.63mm, that is to say, the less of clinoptilite size, the higher ratio of adsorption to ammonia, and when ammonia concentration was 61.5~63.0 mg/m 3 , the ratio of rapid adsorption phase was not high, and adsorption of slow equilibrium phase would play a major role. Besides, average adsorption capacities of unit quality clinoptilite were 0.034 mg/g, 0.033 mg/g and 0.030 mg/g, respectively. It would be harmful to the production performances when ammonia concentration was more than 10 mg/m 3 in the fattening pig house actually, that is to say, actual clinoptilite quantities needed to adsorb ammonia in the pig housing could be calculated, which were about 12.5g, 12.9g and 14.0g, respectively.
Clinoptilolite adsorption capacity when ammonia concentration was 140.0~141.2 mg/m 3
The experiment was repeated three times, and the curves were drawn below using the average values when ammonia concentration was between 140.0 and 141.2 mg / m 3 , in Fig. 4 . Fig. 4 was similar with Fig. 3 , even though clinoptilite adsorption was carried under the higher concentration; adsorption process took on the similar character as "rapid adsorption, slow equilibrium", but still had some differences. The time of 0~0.5h was rapid adsorption phase, the effect of adsorbing ammonia was remarkable, the concentration of ammonia decreased linearly and the velocity was faster; from 0.5h to 2.5h, the adsorption curves gradually smoothed, and reached equilibrium till 3h. 0.5h was the time turning point from "rapid adsorption" to "slow equilibrium", which were shown the characteristic of rapid adsorption once again.
Besides, when clinoptilite sizes were same, the higher original concentration of ammonia, the more adsorption capacity and faster adsorption rate in the rapid adsorption phase; in the slow equilibrium phase, the curves were smoother than the ones of slow concentration, and adsorption could be done in a short time. Under the condition of the same size, in the rapid adsorption phase, the higher original concentration of ammonia, more sufficient of clinoptilite, better adsorption effect, in the slow equilibrium phase, because there were a lot of ammonia in the clinoptilite that needed time for them moving toward the inner, leaving outside adsorption seats for ammonia unadsorbed, which could be explained by Langmuir, so adsorption curves were smoother than the ones of slow concentration. According to the experimental data, the table of clinoptilite adsorption ratio could be drawn when ammonia concentration was between 140.0~141.2mg / m 3 , in tab. 3. It could be known from the table above that compared to 61.5~63.0 mg/m 3 , when ammonia concentration increased to 140.0~141.2 mg/m 3 , the ratio was improving remarkably in the rapid adsorption phase, while the one decreased quickly in the slow equilibrium phase, and the total ratio dropped. Average adsorption capacities of unit quality clinoptilite were 0.062 mg/g, 0.061 mg/g and 0.059 mg/g, respectively. According to national criterion, the highest concentration of ammonia in the animal building should be no more than 25 mg/m 3 , so actual clinoptilite quantities needed to adsorb ammonia in the pig housing could be calculated. They were about 12.5g, 12.9g and 14.0g, respectively. In the experimental course, clinoptilite quantities were 10g all the same, under the condition of high ammonia concentration, the ratio of rapid adsorption phase increased remarkably, but in the slow equilibrium phase, because clinoptilite adsorption was in saturation and couldn't adsorb any more, total ratio decreased. In addition, when clinoptilite dosing quantities were the same, the higher ammonia concentration was, the more remarkable the rapid adsorption course of clinoptilite was, the higher adsorbing ratio was. 
The effect on different moisture contents of the clinoptilolite for ammonia absorption
Environment of pig housings is always hot and humid, so moisture factor can not be ignored. Clinoptilolite surface moisture content would certainly affect the sorption capacity of ammonia 0.35~0.63mm, 10g clinoptilolite particles were selected in the experiment, moisture contents were 20%, 30%, 40%, 50% and 60% after treated respectively, the trend curves of sorption experiment are in Fig. 5 .
It could be seen from Fig. 5 , clinoptilolite still showed the characteristic of "rapid adsorption, slow equilibrium". In the first 0~0.5h of rapid adsorption phrase, when clinoptilolite moisture content is 60%, the adsorption was the worst, but discrepancies were not obvious between nature clinoptilolite and other moisture contents; In the slow equilibrium phrase, adsorption of clinoptilolite with certain moisture content is better than nature clinoptilolite.
It also showed that moisture don't affect the sorption in a certain extent. Till 3 hours of adsorption equilibrium, the adsorption capacity of nature clinoptilolite was the lest, the rank was: 40%>50%>30%>20%>60%>nature clinoptilolite, it shows that moisture concentration could effect clinoptilolite adsorption to ammonia, and when moisture concentration was more than 40% and less than 40%, it would decrease the adsorption effect. The experiment expressed that in the rapid adsorption phrase, moisture concentration was too high to block clinoptilolite adsorption; in the slow equilibrium phrase, adsorption of nature clinoptilolite was the worst, the adsorption quantity was the least when reaching equilibrium, while other moisture ratios have differences which made the trend delay. Using SPSS statistical procedures, through mathematical regression analysis, the curves for moisture content of ammonia adsorption are fitted under the concentration of 61.5~63.0mg/m 3 in Fig. 6 . When the moisture content of clinoptilolite is 42%, adsorption quantity of ammonia is the largest. When clinoptilolite with content moisture adsorbed ammonia, part of ammonia could transform water molecule in clinoptilolite into NH 4 + (e.g. formula 2); at this time clinoptilolite adsorption included two courses physics adsorption and ion transformation. Physics adsorption course is related with framework structure of clinoptilolite, produced by external molecular force and electrostatic force, which is the same with common adsorption course of porous materials; and ion transformation course embodied adsorption to ammonia, which is the chemical transformation course between interior cations in clinoptilolite crystal structure and NH 4 + in the solution, and this course can be described as:
crystal structure, so this ion transformation course is a special chemical adsorption, which depends on ion transforming force whose intension is much less than chemical bond [13] . clinoptilolite transformation has selectivity, different kinds clinoptilolite have different selectivity, the selecting ranking of clinoptilolite was: [19] , in the formula 3, M stands for alkali metal, such as Na, K, Li, and alkaline earth metal, such as: Ca, Mg, Ba, Sr, n is charge number of cation. From above, it could be illustrated that clinoptilolite adsorption to NH 4 + is better than to Ba 2+ , Na + , Sr 2+ , Ca 2+ and Li + , such as formula 2, better adsorption effect can be reached, from Fig. 6 it could be known that with the increasing of moisture content, the concentration of NH 4 + was adding, and clinoptilolite adsorption quantity was improving. When moisture content was 42%, the quantity was the largest; at the same time NH 4 + dissolved to solution saturation gradually. Moisture contents were increased continually, the concentrations of NH 4 + were decreased, and adsorption quantity reduced.
It is generally thought that the temperature in piglet house can be controlled to 20~30 , and pig house 15~20 , and humidity 50~55%. Under this humidity, clinoptilolite adsorption quantity to ammonia can be improved to some degree.
Saturation of nature clinoptilolite for ammonia adsorption
Saturation of nature clinoptilolite particle for ammonia adsorption
The largest quantity of clinoptilolite adsorbing ammonia is related to the replacement time and the dosage. According to adsorbent saturation testing methods [20] clinoptilolite particles with 10g and 20g, 0.35~0.63 mm was got, 0.2 mL ammonia was dropped into experimental bottle gradually respectively, in order to increase the ammonia concentration in the bottle and make original concentration in the range of 36.4~40.0 mg/m 3 . According to the above experimental results, ammonia could be adsorbed by clinoptilolite completely after 3 hours. The initial value, 2h adsorption value and the final value of 3h were recorded. Experiments repeated three times, and average values of every test points were analyzed in Tab. 5: It could be seen that after the first 3 hours, ammonia concentration has decreased to 4.6 mg/m 3 , and adsorption ratio was 87.6%; secondly, increasing the ammonia concentration in the bottle, adsorption ratio was 89.6% after 3 hours' adsorption; hereafter, increasing the ammonia concentration continually, this clinoptilolite could still adsorb ammonia, but its adsorption ratio decreased; it couldn't adsorb ammonia any more until the 6th, and ammonia concentration has not declined, it could be thought that clinoptilolite adsorption capacity has reached saturation.
The total concentration difference of ammonia adsorption:
The total ammonia adsorption capacity: 334/1000×8 = 2.67 mg Per unit ammonia adsorption capacity: 2.67/20 = 0.13 mg/g Through the experiment above, it indicated that under the condition of the same practical and similar original concentration, adding clinoptilolite dosage, the total adsorption quantity and unit saturation adsorption quantity can be both improved effectively. Because increasing the voids and holes could make adsorption effect better, adsorbing and closuring ammonia much more and faster, with adding clinoptilolite dosage; in the "slow equilibrium" phrase, when ammonia concentration was increasing, it could keep adsorbing until adsorption saturation in the range of clinoptilolite's adsorption capacity.
Saturation study of clinoptilolite particles with 40% moisture concentration for ammonia absorption
Kusakabe [21] et al. reported that gas molecule on clinoptilolite surface can generate ion transformation in some condition. The experiments above show that the best adsorption effect appears when moisture content is about 40%. Based on the adsorbent experiments of nature clinoptilolite, using the saturated clinoptilolite 10g, with particles of 0.35~0.63mm, dropping purified water to moisture content is 40%. Detail experiment data is shown in Tab. 7. The total concentration ammonia adsorption:
The total ammonia adsorption capacity: 54.6×8/1000 = 0.44 mg Per unit ammonia adsorption capacity: 0.44/10 = 0.044 mg/g By the experimen, clinoptilolite still had the character of adsorption capacity when dropping purified water on the saturated clinoptilolite in order to make its moisture content was 40%; 0.44mg ammonia was added to the former adsorption capacity, which shows that clinoptilolite is a kind of porous crystal mineral again. The process that nature clinoptilolite absorbing ammonia was seen as a physical adsorption process, after adding water to clinoptilolite, 0.44mg of ammonia was added, which explained that clinoptilolite has special character of ion transformation. A lot of cations take up certain places in the voids and pore of framework structure, but were little related to framework structure clinoptilolite because of its fluidity, which can be changed with NH 4 + but not change the crystal structure [13] . Voids and holes in the aluminosilicate framework structure had exchangeable cations, so clinoptilolite exhibit well character of ion changing, absorbed NH 3 parts of NH 4 + that filtered into holes of clinoptilolite in the water, that is, NH 3 +H 2 NH 4 + +OH -, increasing adsorption quantity.
Conclusion
In this paper, the effect on clinoptilolite adsorption for ammonia was investigated, the impact of sorption of ammonia was discussed including the clinoptilolite particle size, moisture content, unit saturated adsorption capacities were calculated. The experiment results are as follow:
Clinoptilolite is good at adsorbing ammonia for the trait of porous media. In the adsorption process, clinoptilolite adsorption showed the characteristic of "rapid adsorption, slow equilibrium". With the increasing of clinoptilolite particle size, particle surface area reduced, the adsorption capacity of ammonia also decreased, which may infer that: ammonia adsorption capacity would be greater for continuing to reduce the particle size, the effect would be more obvious, therefore, in order to obtain good absorption effect, clinoptilolite particle should be selected as small as possible.
Adsorption capability of wet clinoptilolite was bigger than the nature clinoptilolite's, in a certain, with the increasing of moisture, adsorption capability also increased. In the experiment, when the moisture was more than 40%, adsorption capability decreased, and the rank was 40%>50%>30%>20%>60%>nature clinoptilolite. Nature clinoptilolite for ammonia adsorption can be considered as a physical adsorption course and no ion exchanging course; when wet clinoptilolite adsorbed ammonia, because of the integrating course of physical adsorption and ion exchanging course, made adsorption capability effect remarkable. Though mathematics regression analysis, the best adsorption effect was when the moisture of clinoptilolite was 42%.
In the saturation adsorption experiment, total adsorbing quantity of 10g clinoptilolite was 121.8mg/m 3 , and per unit adsorption capacity is 0.097 mg/g; the quantity of 20g clinoptilolite was 334mg/m 3 , and per unit adsorption capacity is 0.13 mg/g, it can be seen from that with the amount of clinoptilolite increasing, the unit and total clinoptilolite sorption capacity can be improved. Besides, dropping water on the saturated clinoptilolite 10g, making the moisture 40%, this could increase ammonia adsorption capacity of 0.44mg, which could illustrate the adsorption course was a integrating course of physical adsorption and ion exchange course again.
